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Abstract 
We propose a method of constructing three-dimensional (3D) biological microstructures by a pick-and-place 
micro-assembly of 2D micro-parts where living cells are loaded. The method includes four elemental techniques: (i) 
2D cell-laden micro-plates, (ii) support structures for 3D assembly, (iii) pick-and-place micromanipulation system, 
(iv) biocompatible micro-gluing in aqueous environments. The advantage of the sequential assembly method is the 
capability of constructing 3D biological microstructures with targeted cells as well as heterogeneous cells. We 
demonstrated assembly of 3D microstructures with genetically-labeled cells. We believe our method is useful in 
constructing 3D cellular microstructures for cell-cell interaction analysis or tissue engineering purposes.  
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Introduction 
Construction of 3D microstructures has been a 
challenging issue in the micro-fabrication field [1-12]. 
One of the promising approaches is self-assembly, such 
as self-folding [1, 13].  In our previous work, we 
reported a method of assembling 3D micro-structures by 
folding cell-laden 2D micro-plates automatically via 
cell-traction-forces [13]. The self-assembly method 
enabled to fabricate homogenous cellular micro-
structures, however, it was insufficient for building 
heterogeneous cellular structures because spatial 
patterning of various types of cells on a micro-plate was 
difficult. A possible approach for heterogeneous 3D 
cellular assembly is sequential manual assembly of 2D 
assembly parts that targeted cells are loaded. Though 
sequential 3D micro-assembly methods, which is 
generally called pick-and-place  assembly, were 
studied intensively in the field of Micro Electro 
Mechanical System (MEMS) [2-11],  there are only a 
few applications to biological samples. The reason is 
that bio-samples, especially living cells, are difficult to 
be picked up and spatially arranged since they live in 
aqueous solutions. Many MEMS technologies for 
assembly of 3D microstructures from 2D micro-parts are 
developed for use in the air, where is harmful to living 
cells. To achieve sequential 3D micro-assembly of 
cellular structures, techniques that are biocompatible and 
applicable in aqueous solutions are needed.  
In this study, we propose a method to assemble 2D 
cell-laden micro-plates into a 3D microstructure 
underwater in a fully biocompatible manner. Four 
elemental techniques were employed: (i) preparation of 
cell-laden 2D micro-plates, (ii) micro-fabrication of 3D 
support structures for assembly, (iii) pick-and-place 
micro-manipulation, (iv) biocompatible micro-gluing in 
aqueous solutions. 
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Figure 1.  Conceptual illustration of the proposed 3D 
assembly of biological microstructures. 2D cell-
laden micro-plates were picked up by a micro-
tweezer and placed on a 3D micro-support. A 
biocompatible, UV-curable hydrogel macromer was 
ejected from a glass capillary, and polymerized by 
local UV exposure to glue the micro-plates into a 3D 
microstructure. 
Micro-assembly system 
The concept of the proposed method is depicted in 
Figure 1. 2D micro-parts with living cells were prepared 
by photolithography and cell culture techniques. 3D 
support micro-structures were fabricated by 
stereolithography and micro-molding. A commercial 
micro-tweezer attached to a micromanipulator was used 
to pick up 2D cell-laden micro-plates and place them on 
the 3D support. Arranged micro-plates were glued by a 
biocompatible, ultraviolet (UV)-curable hydrogel to be 
assembly into a 3D microstructure. The sequential 
assembly process enabled handling of targeted living 
cells and assembly into 3D cellular microstructures. 
 
A photograph of the experimental setup is shown in 
Figure 2. The setup consists of an inverted-microscope, 
micro-plates in a dish, micro-manipulator, end-effectors, 
pressurizer unit, and UV emission unit for gluing. The 
micro-plates were observed through the inverted 
microscope. We attached two kinds of end-effectors on 
the micromanipulator: a micro-tweezer and a glass 
capillary. A micro-tweezer was further connected to a 
controller to regulate its opening-closing action. A glass 
capillary was filled with the glue and connected to the 
pressurizer unit to control glue ejection. UV emission 
unit was switched manually when hardening the glue. 
The entire setup was placed in a dark room. 
Fabrication of cell-laden 2D micro-plates 
Element (i), cell-laden 2D micro-plates were 
prepared by photolithography techniques, and cell 
culture methods as reported previously [13]. Briefly, on 
a glass substrate, we spin-coated thin-layers of gelatin, 
poly-monochloro-paraxylylene (parylene), aluminum, 
and patterned them into micro-sized plates. Then, we 
coated 2-methacryloyloxyethyl-phosphorylcholine 
(MPC) polymers, which inhibit the cell adhesion and 
protein absorption on the surface of the glass substrate. 
After chemical etching of Al to remove MPC polymers 
on the parylene, collagen was coated on the parylene.  
Since MPC polymers repelled both collagen and 
cells, we achieved selective adhesion of cells only onto 
microplates by simply seeding them on the fabricated 
devices (Figure 3). We cultured PC12 cells on the 
microplates in serum-free DMEM containing 10 ng/ml 
Nerve Growth Factor (NGF) for more than 2 days. 
HEK293T cells were also cultured in normal culture dish 
with DMEM containing 10% FBS.  
 
 
 
Figure 2.  Experimental setup for micro-assembly. A 
dish with micro-plates was placed on a microscope. 
End-effectors (glass capillary for micro-gluing, or 
micro-tweezer for manipulation) were attached on a 
micromanipulator. A pressurizer unit and a UV 
emission unit were used for micro-gluing. 
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Genetic manipulation of cells was achieved by a 
conventional transient gene expression technique. 
Briefly, pAcGFP-actin vector encoding N-terminal GFP-
fused actin or pcDNA3.1-RFP vector was transiently 
transfected into the cells with FuGENE HD regent. 
PC12 cells were transfected while they were on the 
micro-plates (Figure 4). Otherwise, transgene labelled 
HEK293T cells were once trypsinized, and seeded on 
the microplates.  
3D support structure for micro-assembly 
The element (ii), 3D micro supports were fabricated 
by stereolithography (3D printing) and replica molding 
techniques (Figure 5).  Molds were designed by with a 
computer-aided-design (CAD) software (Rhinoceros, 
AppliCraft) and fabricated by a commercial 
stereolithography modeling machine (Perfactory, 
Envision Tec, Germany).  Briefly, patterned light was 
projected by a digital mirror device, plane-by-plane into 
a reservoir of photosensitive resins, cured them, and 
realized 3D triangle-gap-structures while the base plate 
gradually moves up. After the molds were coated with 
parylene sealant material, poly-dimethyl-siloxane 
(PDMS) was poured and cured to fabricate the 3D 
support micro-structures.  Parylene sealant was 
employed to improve the success rate of micro-molding, 
because the resins inhibited PDMS to be cured perfectly. 
We designed five different sizes (100 ~ 500 m on 
the side) of triangular-gap-shaped supports. PDMS was 
chosen for its optical transparency, capability of micro-
molding, and biocompatibility. 
Micro-manipulation 
    We utilized a commercial micro-tweezer (Aoi 
electronics) for picking and placing cell-laden 2D micro-
plates (Figure 6). The micro-tweezer was attached to the 
micro-manipulator and its position was controlled 
manually. The opening and closing action of the micro-
tweezer were regulated by applied voltages to the static 
 
 
Figure 4.  Transgene expression in PC12 neural cells 
cultured on micro-plates. (a) Green : GFP-actin. (b) 
Magenta: DsRed. 
 
 
 
Figure 5.  Fabrication process of a 3D assembly 
support. (a) A mold of the support was designed with 
a 3D modeling software, and (b) fabricated by 
stereolithography (3D printing). (c) after covering the 
fabricated 3D mold with parylene sealant, PDMS 
prepolymer was casted, cured and released to fabricate 
transparent 3D support structure.  (d) microscopic 
images of the support structure. 
 
 
 
Figure 3.  Representative pictures of 2D cell-laden 
micro-plates. (a) cells are not attached on the MPC 
area (b) arbitrary shapes can be made.  
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actuator (Figure 6a). 
Targeted cell-laden micro-plates were picked and 
arranged by manipulating their positions and open/close 
switching of the tweezer (Figure 6b).  
 
Micro-gluing 
Micro-gluing [15] required the following 
conditions:  (i)  the  glue itself  must  be  biocompatible,  
(ii)  the  gluing  must  be capable of being conducted 
under aqueous solution, such as culture medium, (iii) 
glue joints must be controlled at micron-resolution.  One  
possible  material  that  meets  requirement  (i)  is 
hydrogel,  material widely used in tissue  engineering  
[12]  and  surgical  applications  [14].  There are various 
types of hydrogels that can be hardened by  heat,  ions,  
or  pH,  however,  these  do  not  meet  requirements (ii) 
and (iii) because of their low gelation speed and 
difficulty in micron-resolution control. We utilized a 
photo-curable hydrogel, poly-(ethylene) glycol 
diacrylate (PEGDA), which could be polymerized 
rapidly by local UV exposure for at micron-resolution 
without damaging cells [12]. 
The glue solutions were loaded into  a glass  
capillary  attached to the micro-manipulator and 
manipulated (Figure 7a) . The glue formed a line when 
ejected from the glass capillary. The duration of the glue 
projection was determined by the pressurizer unit, and 
the glues were focally projected to the edge of the micro-
plate.  UV light was emitted through the objective lens, 
and its duration was regulated manually. The glue was 
polymerized into hydrogels by UV, and the gelation 
resulted in gluing two targeted micro-plates under 
aqueous solutions (Figure 7b).  
3D assembly 
Finally we glued cell-laden micro-plates together in 
the system, and demonstrated assembly of a 3D 
microstructure from 2D micro-plates (Figure 7cde).  We 
 
 
Figure 7.  Micro-gluing and assembly of micro-plates. 
(a) a photograph of the glass capillary and the ejected 
glue under water. (b) a glued 3D structure from three 
micro-plates that contained GFP/DsRed transfected 
HEK293T cells. (c) two micro-plates were arranged 
on the support structure, and glued to assembled into a 
3D microstructure. (d) GFP or DsRed expressing cell-
laden micro-plates were glued an the support 
structure. (e) a demonstration of sequential assembly 
of 3D half-cube microstructure. 
 
 
 
Figure 6.  Pick-and-place assembly by the micro-
tweezer. (a) macroscopic view of the micro-tweezer. 
(b) cell-laden 2D micro-plates were arranged on the 
3D support by micro-tweezer. (c) magnified figure. 
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gathered 2D micro-plates with GFP-Actin/DsRed 
expressing HEK293T cells, glued one by one, and 
succeeded in constructing a 3D micro-structure. 
Since the 3D object was constructed by gluing 
targeted parts, it is possible to assemble it with 
heterogeneous cells, or micro-plates with different shape 
and materials. Moreover, transparency of the parylene 
micro-plates enabled visualization of intracellular 
microstructures such as actin cytoskeletons with 
observation of GFP-fused actin proteins.  
By integrating our techniques of 2D cell-laden 
micro-plates, 3D support microstructures, pick-and-place 
micro-manipulation, and micro-gluing system, we 
constructed a 3D biological microstructure. Using 
genetically marked cells, it is possible to precisely 
choose desired cells for 3D assembly. 
The whole procedure could be expedited by robotic 
micro-manipulation and focal laser photo-activation in 
the future. 
Conclusion 
We proposed a pick-and-place micro-assembly 
method for sequential construction of 3D biological 
micro-structures that targeted living cells are loaded. The 
method was composed of four elemental techniques: (i) 
cell-laden 2D micro-plates, (ii) 3D support structure for 
assembly, (iii) pick-and-place micromanipulation system, 
and (iv) biocompatible micro-gluing in aqueous 
solutions. The cell-laden 2D micro-plates were able to 
be assembled into 3D micro-structures by manipulating 
their spatial location by the micromanipulation system, 
and being glued on the support structure. Assembly of a 
3D cellular micro-structure with genetically-targeted 
cells was demonstrated. We believe  this method  
enables precise construction of 3D tissue-like 
microstructures, and is applicable to preparing 3D bio-
samples.    
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